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(57) ABSTRACT

A power train of an automatic transmission realizing seven
forward speeds and three reverse speeds includes an 1mput
shaft, an output gear, a transmission case, a speed reduction
unit, an output unit, a first clutch, a second clutch, a third
clutch, a fourth clutch, a first brake, and a second brake.

The output unit includes variable input members and variably
stopped members. the variable input members and variably
stopped members are controlled by the clutches to realize

seven forward speed and three reverse speeds at the output
unit.

4 Claims, 12 Drawing Sheets




00G

¥od £9d
00¢ 00}

US 7,611,439 B2

1N0 NI

/
3
EARER:

£9d
td 20d
- S ITY
e |0
EEnIEE
EX]IEINE
20

_ _ Hd 4 _ ¢d >
¢ 4 Zod 19d

00v

Sheet 1 of 12

Nov. 3, 2009

1 "DIA

U.S. Patent



U.S. Patent Nov. 3, 2009 Sheet 2 of 12 US 7,611,439 B2

OuT
200

/s
B1
S
P4
o4
PG4J

Y
500

/
S3
PG

o\l
o= ™
>
0
e D
b S
(V|
¢ >
O
¢S o o
ol o D
-
O
v
—
o
ol
5\
o\l
— ™~
¢
ol

C1
300
IN
100



U.S. Patent Nov. 3, 2009 Sheet 3 of 12 US 7,611,439 B2

OUT
200

/
B1
S2
PG2

PC2
500

7
Kl
P1
ST
PG

B2
PC1

FIG. 3
C3

400
LR

SR
7

C2
C1
300
IN
100



U.S. Patent Nov. 3, 2009 Sheet 4 of 12 US 7,611,439 B2

/
B1 | l
OUT
200

52
PG2

PC2
500

/
32%
R
P1
ST
PG1

&S
O
A g
U- &3
—
= 3
<)
o )
-
="
7
N
o\l .
o >
o

300
100

C1



US 7,611,439 B2

Sheet Sof 12

Nov. 3, 2009

U.S. Patent

00S

A
¥id £dd

00¢ 00}

1N0 NI

=] = \

¥d £2d
o
1 9d
] ([ =

20
_ _ & _ _ ¢ /o
7 7 29d

19d
y

1D

00p




U.S. Patent Nov. 3, 2009 Sheet 6 of 12 US 7,611,439 B2

OUT
200

P4
S4

500

PG3

B2 B1
L La

A
¢S
o
N\
ap
5
& o
ol o~
S
o~
<~ >
— o
s
o
o o n N
N\
- —
T
e

C1
300
IN
100



U.S. Patent Nov. 3, 2009 Sheet 7 of 12 US 7,611,439 B2

OuT
200

PG4

S
o
H. >
H J
oc &
2!
¢
o

500

B1

PG3

FI1G. 7

5
(o
crs
= X o
o
S
ﬂ-
F
o
o
-
— KN\
P
O\
D —
O
O -
S
™ =
=

C1



U.S. Patent Nov. 3, 2009 Sheet 8 of 12 US 7,611,439 B2

OuUT
200

PC2

R2

N
O

&
o
y—
o a N

£

B1

B2
C3

FIG. 8

400
LR

C2
C1
SP
oL
300
IN
100



U.S. Patent Nov. 3, 2009 Sheet 9 of 12 US 7,611,439 B2

—
—
- -
o
o
N'\
s
0
-
-
L)
—
as crs
% o
\N
&N @
&
[
-
-
ﬁ-
-
-
T



U.S. Patent Nov. 3, 2009 Sheet 10 of 12 US 7,611,439 B2

200

FIG. 10

w
-
o
al
al
3P
-
-
cr)
-
N
Q.
N
-
Q.
—
Q.
—
-
O

% N o
Q. o P
-
-
W
_
&
-
v ™,
P N\
O\
-
-
-
o

~—
-

IN
100



O '€=¥SZ/viZ ‘68 1=€SZ/€iZ '2=2SZ/2¢iZ '2S |=|SZ/L1Z

US 7,611,439 B2

0F | 00t
eV | 0F |
05 | 98 |

-
e
-
9%+ | 6re |
-
-

Sheet 11 of 12

€9 v
01]8J paads

Nov. 3, 2009

[ Telw

01]e!
dols

L1 "OIA

U.S. Patent



U.S. Patent Nov. 3, 2009 Sheet 12 of 12 US 7,611,439 B2

Ne N7 REV.2

\\r,l,ﬂir//
a o ‘}A" A P
: =R - =]

PC1
1 N



US 7,611,439 B2

1

POWLER TRAIN OF AUTOMATIC
TRANSMISSION

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of

Korean Patent Application No. 10-2006-0076794 filed 1n the
Korean Intellectual Property Office on Aug. 14, 2006, the
entire contents ol which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present 1invention relates to a power train of an auto-
matic transmission. More particularly, the present invention
relates to a power train of an automatic transmission that
realizes seven forward speeds and three reverse speeds.

(b) Description of the Related Art

A typical shift mechanism of an automatic transmission
utilizes a combination of a plurality of planetary gear sets. A
power train of such an automatic transmission that imcludes
the plurality of planetary gear sets changes rotating speed and
torque recerved from a torque converter of the automatic
transmission, and accordingly transmits the changed torque
to an output shait.

It 1s well known that when a transmission realizes a greater
number of shift speeds, speed ratios of the transmission can
be more optimally designed and therefore a vehicle can have
better fuel mileage and better performance. For that reason,
an automatic transmission that enables more shift speeds 1s
under constant imvestigation.

In addition, with the same number of speeds, features of a
power train such as durability, efficiency 1n power transmis-
sion, and si1ze depend a lot on the layout of combined plan-
ctary gear sets. Therefore, designs for a combiming structure
ol a power train are also under constant ivestigation.

A manual transmission that has too many speeds causes the
inconvenience of excessively frequent shifting operations by
the driver. Therefore, the positive features ol more shift-
speeds are more important for automatic transmissions
because an automatic transmission automatically controls
shifting operations basically without needing any manual
operation.

As more speeds 1n an automatic transmission are realized,
a power train that can easily skip up-shiit and skip down-shiit
as well as normally up-shiit and down-shiit 1s required.

The above information disclosed 1n this Background sec-
tion 1s only for enhancement of understanding of the back-
ground of the invention and therefore 1t may contain infor-
mation that does not form the prior art that 1s already known
in this country to a person of ordinary skill in the art.

SUMMARY OF THE INVENTION

Embodiments of the present invention provide a power
train of an automatic transmission having advantages includ-
ing realizing seven forward speeds and three reverse speeds,
and also facilitating skip up-shifting and skip sown-shifting.

Exemplary power trains of an automatic transmission
according to embodiments of the present immvention may
include: an mput shaft; an output gear; a transmission case; a
speed reduction unit including a fixed input member that 1s
fixedly connected to the input shaft, a fixedly stopped mem-
ber that 1s fixedly connected to the transmission case, and first
and second reduced speed output members that respectively
output first and second reduced rotational speeds; an output
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unit including a first variable iput member that 1s variably
connected to the first and second reduced speed output mem-
bers and the 1input shaift, a second variable input member that
1s variably connected to the input shaft, first and second
variably stopped members that are variably connected to the
transmission case, and a shift speed output member that
always acts as an output member by being fixedly connected
to the output gear, wherein the output unit generates seven
torward speeds and three reverse speeds at the shift speed
output member by operations of the first and second variable
input members and the first and second variably stopped
members; a first clutch for variably connecting the first vari-
able input member to the first reduced speed output member;
a second clutch for variably connecting the first variable input
member to the second reduced speed output member; a third
clutch for variably connecting the first variable input member
to the input shaft; a fourth clutch for variably connecting the
second variable input member to the input shaft; a first brake
for variably connecting the first variably stopped member to
the transmaission case; and a second brake for variably con-
necting the second variably stopped member to the transmis-
5101 case.

According to a first exemplary embodiment of the present
invention, the speed reduction unit may include: a first plan-
etary gear set having a first sun gear, a first planet carrier, and
a first ring gear as operational members thereot; and a second
planetary gear set having a second sun gear, a second planet
carrier, and a second ring gear as operational members
thereof, wherein the second ring gear 1s operated as the fixed
input member, the first sun gear 1s operated as the fixedly
stopped member, the first planet carrier 1s operated as the first
reduced speed output member, the first ring gear 1s operated
as the second reduced speed output member, the first ring gear
1s fixedly connected to the second planet carnier, and the
second sun gear 1s {ixedly connected to the first sun gear.

The output unit may include: a third planetary gear set
having a third sun gear, a third planet carrier, and a third ring
gear as operational members thereof; and a fourth planetary
gear set having a fourth sun gear, a fourth planet carrier, and
a Tourth ring gear as operational members thercof, wherein
the third sun gear 1s operated as the first variable imnput mem-
ber, the third planet carrier 1s operated as the second variable
input member, the fourth sun gear 1s operated as the first
variably stopped member, at least one of the fixedly con-
nected third planet carrier and the fourth ring gear 1s operated
as the second variably stopped member, and at least one of the
fixedly connected fourth planet carrier and the third ring gear
1s operated as the shift speed output member.

The first, second, third, and fourth planetary gear sets may
be disposed 1n a sequence of the first planetary gear set, the
second planetary gear set, the third planetary gear set, and the
fourth planetary gear set.

The mput shait and the output gear may be disposed on the
same side.

The first and second clutches may be disposed on an oppo-
site side to the output unit with reference to the speed reduc-
tion unit, and the third and fourth clutches may be disposed
between the speed reduction unit and the output unait.

According to a second exemplary embodiment of the
present invention, the speed reduction unit may include: a first
planetary gear set having a first sun gear, a first planet carrier,
and a first ring gear as operational members thereof; and a
second planetary gear set having a second sun gear, a second
planet carrier, and a second ring gear as operational members
thereof, wherein the second sun gear 1s operated as the fixed
input member, the first sun gear 1s operated as the fixedly
stopped member, the first planet carrier 1s operated as the first
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reduced speed output member, the first ring gear 1s operated
as the second reduced speed output member, the first planet
carrier 1s fixedly connected to the second ring gear, and the
second planet carrier 1s fixedly connected to the first ring gear.

The output unit may include: a third planetary gear set
having a third sun gear, a third planet carrier, and a third ring
gear as operational members thereof; and a fourth planetary
gear set having a fourth sun gear, a fourth planet carrier, and
a Tourth ring gear as operational members thereof, wherein
the third sun gear 1s operated as the first variable mput mem-
ber, the third planet carrier 1s operated as the second variable
input member, the fourth sun gear 1s operated as the first
variably stopped member, at least one of the fixedly con-
nected third planet carrier and the fourth ring gear 1s operated
as the second variably stopped member, and at least one of the
fixedly connected fourth planet carrier and the third ring gear
1s operated as the shift speed output member.

The first, second, third, and fourth planetary gear sets may
be disposed 1n a sequence of the first planetary gear set, the
second planetary gear set, the third planetary gear set, and the
fourth planetary gear set.

The mnput shaft and the output gear may be disposed on the
same side.

The first and second clutches may be disposed on an oppo-
site side to the output unit with reference to the speed reduc-
tion unit, and the third and fourth clutches may be disposed
between the speed reduction unit and the output unait.

According to a third exemplary embodiment of the present
invention, the speed reduction unit may include a compound
planetary gear set having a long-pinion-side ring gear, a short-
pinion-side ring gear, a compound planet carrier, and a com-
pound sun gear as operational members thereof, wherein the
long-pinion-side ring gear 1s operated as the fixed input mem-
ber, the compound sun gear 1s operated as the fixedly stopped
member, the compound planet carrier 1s operated as the first
reduced speed output member, and the short-pinion-side ring,
gear 1s operated as the second reduced speed output member.

The output unit may include: a first planetary gear set
having a first sun gear, a first planet carrier, and a first ring
gear as operational members thereof; and a second planetary
gear set having a second sun gear, a second planet carrier, and
a second ring gear as operational members thereol, wherein
the first sun gear 1s operated as the first variable input member,
the first planet carrier 1s operated as the second variable input
member, the second sun gear 1s operated as the first variably
stopped member, at least one of the fixedly connected first
planet carrier and the second ring gear i1s operated as the
second variably stopped member, and at least one of the
fixedly connected first ring gear and the second planet carrier
1s operated as the shift speed output member.

The compound planetary gear set and the first and second
planetary gear sets may be disposed 1n a sequence of the
compound planetary gear set, the first planetary gear set, and
the second planetary gear set.

The mput shatt and the output gear may be disposed on the
same side.

The first and second clutches may be disposed on an oppo-
site side to the output unit with reference to the speed reduc-
tion unit, and the third and fourth clutches may be disposed
between the speed reduction unit and the output unat.

According to a fourth exemplary embodiment of the
present invention, the speed reduction unit may include a
Ravigneaux planetary gear set having a Ravigneaux ring gear,
a Ravigneaux planet carrier, a long-pimion-side sun gear, and
a short-pinion-side sun gear as operational members thereof,
wherein the long-pinion-side sun gear 1s operated as the fixed
input member, the short-pinion-side sun gear 1s operated as
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the fixedly stopped member, the Ravigneaux planet carrier 1s
operated as the first reduced speed output member, and the
Ravigneaux ring gear 1s operated as the second reduced speed
output member.

The output unit may include: a first planetary gear set
having a first sun gear, a first planet carrier, and a first ring
gear as operational members thereof; and a second planetary
gear set having a second sun gear, a second planet carrier, and
a second ring gear as operational members thereol, wherein
the first sun gear 1s operated as the first variable input member,
the first planet carrier 1s operated as the second variable input
member, the second sun gear 1s operated as the first variably
stopped member, at least one of the fixedly connected first
planet carrier and the second ring gear 1s operated as the
second variably stopped member, and at least one of the
fixedly connected first ring gear and the second planet carrier
1s operated as the shift speed output member.

The Ravigneaux planetary gear set and the first and second
planetary gear sets may be disposed 1n a sequence of the
Ravigneaux planetary gear set, the first planetary gear set, and
the second planetary gear set.

The mput shait and the output gear may be disposed on the
same side.

The first and second clutches may be disposed on an oppo-
site side to the output unit with reference to the speed reduc-
tion unit, and the third and fourth clutches may be disposed
between the speed reduction unit and the output unait.

According to a fifth exemplary embodiment of the present
invention, the speed reduction unit may include: a first plan-
ctary gear set having a first sun gear, a first planet carrier, and
a {irst ring gear as operational members thereof; and a second
planetary gear set having a second sun gear, a second planet
carrier, and a second ring gear as operational members
thereol, wherein the second ring gear 1s operated as the fixed
input member, the first sun gear 1s operated as the fixedly
stopped member, the first planet carrier 1s operated as the first
reduced speed output member, the first ring gear 1s operated
as the second reduced speed output member, the first planet
carrier 1s fixedly connected to the second planet carrier, and
the first sun gear 1s fixedly connected to the second sun gear.

The output unit may include: a third planetary gear set
having a third sun gear, a third planet carrier, and a third ring
gear as operational members thereof; and a fourth planetary
gear set having a fourth sun gear, a fourth planet carrier, and
a Tourth ring gear as operational members thereof, wherein
the third sun gear 1s operated as the first variable mput mem-
ber, the third planet carrier 1s operated as the second variable
input member, the fourth sun gear 1s operated as the first
variably stopped member, at least one of the fixedly con-
nected third planet carrier and the fourth ring gear 1s operated
as the second variably stopped member, and at least one of the
fixedly connected fourth planet carrier and the third ring gear
1s operated as the shift speed output member.

The first, second, third, and fourth planetary gear sets may
be disposed 1n a sequence of the first planetary gear set, the
second planetary gear set, the third planetary gear set, and the
fourth planetary gear set.

The mput shait and the output gear may be disposed on the
same side.

The first and second clutches may be disposed on an oppo-
site side to the output unit with reference to the speed reduc-
tion unit, and the third and fourth clutches may be disposed
between the speed reduction unit and the output unat.

According to a sixth exemplary embodiment of the present
invention, the speed reduction unit i1s the same as the speed
reduction unit of the first exemplary embodiment of the
present invention.
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According to the sixth exemplary embodiment of the
present invention, the output unit may include: a third plan-
ctary gear set having a third sun gear, a third planet carrier,
and a third ring gear as operational members thereot; and a
fourth planetary gear set having a fourth sun gear, a fourth
planet carrier, and a fourth ring gear as operational members
thereol, wherein the third sun gear 1s operated as the first
variable input member, the fourth planet carrier 1s operated as
the second variable input member, the third ring gear 1s oper-
ated as the first variably stopped member, the third planet
carrier 1s operated as the second variably stopped member, the
fourth ring gear 1s operated as the shiit speed output member,
the third planet carrier 1s fixedly connected to the fourth
planet carrier, and the third sun gear 1s fixedly connected to
the fourth sun gear.

The first, second, third, and fourth planetary gear sets may
be disposed 1n a sequence of the first planetary gear set, the
second planetary gear set, the third planetary gear set, and the
fourth planetary gear set.

The mnput shaft and the output gear may be disposed on the
same side.

The first and second clutches may be disposed on an oppo-
site s1de to the output unit with reference to the speed reduc-
tion unit, and the third and fourth clutches may be disposed
between the speed reduction unit and the output unat.

According to a seventh exemplary embodiment of the
present invention, the speed reduction unit 1s the same as the
speed reduction unit of the second exemplary embodiment of
the present invention.

According to the seventh exemplary embodiment of the
present invention, the output unit may include: a third plan-
ctary gear set having a third sun gear, a third planet carrier,
and a third ring gear as operational members thereof; and a
tourth planetary gear set having a fourth sun gear, a fourth
planet carrier, and a fourth ring gear as operational members
thereol, wherein the third sun gear 1s operated as the first
variable input member, the fourth planet carrier 1s operated as
the second variable input member, the third ring gear 1s oper-
ated as the first variably stopped member, the third planet
carrier 1s operated as the second variably stopped member, the
fourth ring gear 1s operated as the shift speed output member,
the third planet carrier 1s fixedly connected to the fourth
planet carrier, and the third sun gear 1s fixedly connected to
the fourth sun gear.

The first, second, third, and fourth planetary gear sets may
be disposed 1n a sequence of the first planetary gear set, the
second planetary gear set, the third planetary gear set, and the
fourth planetary gear set.

The input shaft and the output gear may be disposed on the
same side.

The first and second clutches may be disposed on an oppo-
site side to the output unit with reference to the speed reduc-
tion unit, and the third and fourth clutches may be disposed
between the speed reduction unit and the output unait.

According to an eighth exemplary embodiment of the
present invention, the speed reduction unit 1s the same as the
speed reduction unit of the third exemplary embodiment of
the present invention.

According to the eighth exemplary embodiment of the
present mvention, the output unit may include: a first plan-
ctary gear set having a first sun gear, a first planet carrier, and
a first ring gear as operational members thereot; and a second
planetary gear set having a second sun gear, a second planet
carrier, and a second ring gear as operational members
thereol, wherein the first sun gear 1s operated as the first
variable input member, the second planet carrier 1s operated
as the second variable input member, the first ring gear 1s
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operated as the first varniably stopped member, the first planet
carrier 1s operated as the second variably stopped member, the
second ring gear 1s operated as the shift speed output member,
the first planet carner 1s fixedly connected to the second
planet carrier, and the first sun gear 1s fixedly connected to the
second sun gear.

The compound planetary gear set and the first and second
planetary gear sets may be disposed 1n a sequence of the
compound planetary gear set, the first planetary gear set, and
the second planetary gear set.

The mput shait and the output gear may be disposed on the
same side.

The first and second clutches may be disposed on an oppo-
site side to the output unit with reference to the speed reduc-
tion unit, and the third and fourth clutches may be disposed
between the speed reduction unit and the output unait.

According to a ninth exemplary embodiment of the present
invention, the speed reduction unit 1s the same as the speed
reduction unit of the fourth exemplary embodiment of the
present 1nvention.

According to the ninth exemplary embodiment of the
present mvention, the output unit may include: a first plan-
etary gear set having a first sun gear, a first planet carrier, and
a first ring gear as operational members thereot; and a second
planetary gear set having a second sun gear, a second planet
carrier, and a second ring gear as operational members
thereof, wherein the first sun gear 1s operated as the first
variable input member, the second planet carrier 1s operated
as the second variable mput member, the first ring gear 1s
operated as the first variably stopped member, the first planet
carrier 1s operated as the second variably stopped member, the
second ring gear 1s operated as the shift speed output member,
the first planet carrier 1s fixedly connected to the second
planet carrier, and the first sun gear 1s fixedly connected to the
second sun gear.

The Ravigneaux planetary gear set and the first and second
planetary gear sets may be disposed 1n a sequence of the
Ravigneaux planetary gear set, the first planetary gear set, and
the second planetary gear set.

The mput shait and the output gear may be disposed on the
same side.

The first and second clutches may be disposed on an oppo-
site side to the output unit with reference to the speed reduc-
tion unit, and the third and fourth clutches may be disposed
between the speed reduction unit and the output unat.

According to a tenth exemplary embodiment of the present
invention, the speed reduction unit 1s the same as the speed
reduction unit of the fifth exemplary embodiment of the
present invention.

According to the tenth exemplary embodiment of the
present invention, the output unit may 1nclude: a third plan-
etary gear set having a third sun gear, a third planet carrier,
and a third ring gear as operational members thereof; and a
fourth planetary gear set having a fourth sun gear, a fourth
planet carrier, and a fourth ring gear as operational members
thereof, wherein the third sun gear 1s operated as the first
variable input member, the fourth planet carrier 1s operated as
the second variable input member, the third ring gear 1s oper-
ated as the first variably stopped member, the third planet
carrier 1s operated as the second variably stopped member, the
fourth ring gear 1s operated as the shiit speed output member,
the third planet carrier 1s fixedly connected to the fourth
planet carrier, and the third sun gear 1s fixedly connected to
the fourth sun gear.
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The first, second, third, and fourth planetary gear sets may
be disposed 1n a sequence of the first planetary gear set, the
second planetary gear set, the third planetary gear set, and the
fourth planetary gear set.

The mput shatt and the output gear may be disposed on the
same side.

The first and second clutches may be disposed on an oppo-
site side to the output unit with reference to the speed reduc-
tion unit, and the third and fourth clutches may be disposed
between the speed reduction unit and the output unit. Accord-
ing to the exemplary embodiments of the present invention:
the first clutch and the first brake are operated in a first
torward speed, the second clutch and the first brake are oper-
ated 1n a second forward speed, the third clutch and the first
brake are operated 1n a third forward speed, the fourth clutch
and the first brake are operated 1n a fourth forward speed, the
third and fourth clutches are operated 1n a fifth forward speed,
the second and fourth clutches are operated 1n a sixth forward
speed, the first and fourth clutches are operated 1n a seventh
torward speed, the first clutch and the second brake are oper-
ated 1n a first reverse speed, the second clutch and the second
brake are operated 1n a second reverse speed, and the third
clutch and the second brake are operated 1n a third reverse
speed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of a power train of an
automatic transmission according to a first exemplary
embodiment of the present invention.

FIG. 2 1s a schematic diagram of a power train of an
automatic transmission according to a second exemplary
embodiment of the present invention.

FIG. 3 1s a schematic diagram of a power train of an
automatic transmission according to a third exemplary
embodiment of the present invention.

FIG. 4 1s a schematic diagram of a power train of an
automatic transmission according to a fourth exemplary
embodiment of the present invention.

FIG., 5 1s a schematic diagram of a power train of an
automatic transmission according to a fifth exemplary
embodiment of the present invention.

FIG. 6 1s a schematic diagram of a power train of an
automatic transmission according to a sixth exemplary
embodiment of the present invention.

FIG. 7 1s a schematic diagram of a power train of an
automatic transmission according to a seventh exemplary
embodiment of the present invention.

FIG. 8 1s a schematic diagram of a power train of an
automatic transmission according to a eighth exemplary
embodiment of the present invention.

FIG. 9 1s a schematic diagram of a power train of an
automatic transmission according to a ninth exemplary
embodiment of the present invention.

FIG. 10 1s a schematic diagram of a power train of an
automatic transmission according to a tenth exemplary
embodiment of the present invention.

FIG. 11 1s an operational chart for a power train of an
automatic transmission that realizes seven forward speeds
and three reverse speeds according to exemplary embodi-
ments of the present invention.

FI1G. 12 1s alever diagram showing shifting processes from
a first forward speed to a seventh forward speed, and from a
first reverse speed to a third reverse speed 1n a power train of
an automatic transmission according to a first embodiment of
the present invention.
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DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(L]

Hereinatter, referring to the accompanying drawings,
exemplary embodiments of the present invention will be
described 1n detal.

As shown 1n FI1G. 1 to FIG. 10, the exemplary power trains
of an automatic transmission according to the embodiments
of the present invention include an input shatt 100, an output
gear 200, a transmission case 300, a speed reduction unit 400,
and an output unit 500. The mput shatt 100 recerves torque
from an engine (not shown). The output gear 200 outputs
torque from the power train.

The speed reduction unit 400 includes a fixed mput mem-
ber, a fixedly stopped member, and first and second reduced
speed output members. The speed reduction unit 400 gener-
ates first and second reduced rotational speeds that are
smaller than a rotational speed of the mput shaft 100 at the
first and second reduced speed output members, respectively.

The fixed imnput member acts as an input member by being
fixedly connected to the input shaft 100. The fixedly stopped
member acts as a stopped member by being fixedly connected
to the transmission case 300.

The first and second reduced speed output members are
variably connected to the output unit 500 and transmait the first
and second reduced rotational speeds thereto.

The outputunit 500 includes first and second variable input
members, first and second variably stopped members, and a
shift speed output member. The output unit 500 generates
seven forward speeds and three reverse speeds at the shift
speed output member by operations of the first and second
variable input members and the first and second varably
stopped members.

The first variable input member 1s variably connected to the
first reduced speed output member via a first clutch C1.
Theretfore, the first variable mput member recerves the first
reduced rotational speed by an operation of the first clutch C1.

In addition, the first variable mput member 1s variably
connected to the second reduced speed output member via a
second clutch C2. Theretore, the first variable mput member
receives the second reduced rotational speed by an operation
of the second clutch C2.

In addition, the first vanable mput member 1s vanably
connected to the mput shaft 100 via a third clutch C3. There-
fore, the first variable input member receives a rotational
speed of the input shait 100 by an operation of the third clutch
C3.

The second variable input member 1s variably connected to
the input shait 100 via a fourth clutch C4. Therefore, the
second variable input member recerves the rotational speed of
the input shatt 100 by an operation of the fourth clutch C4.

The first variably stopped member 1s variably connected to
the transmission case 300 via a first brake B1 and 1s subjected
to a stopping operation of the first brake B1.

The second variably stopped member 1s variably connected
to the transmission case 300 and 1s subjected to a stopping
operation of the second brake B2.

The shift speed output member always acts as an output
member by being fixedly connected to the output gear 200.

In addition, according to the exemplary embodiments of
the present invention, the input shait 100 and the output gear
200 are disposed on the same side.

The first and second clutches C1 and C2 are disposed on an
opposite side to the output unit 500 with reference to the
speed reduction unit 400, and the third and fourth clutches C3
and C4 are disposed between the speed reduction unit 400 and
the output unit 500.
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Hereinatter, referring to FIG. 1, a power train of an auto-
matic transmission according to the first exemplary embodi-
ment of the present invention will be described 1n detail.

As shown 1 FIG. 1, according to the first exemplary
embodiment of the present invention, the speed reduction unit
400 includes first and second planetary gear sets PG1 and
PG2, and the output unit 500 includes third and fourth plan-
ctary gear sets PG3 and PG4.

The first planetary gear set PG1 1s a single pinion planetary
gear set, and includes a first sun gear S1, a first planet carrier
PC1, and a first ring gear R1 as operational members thereof.
A first pinion gear P1, being engaged with both the first ring
gear R1 and the first sun gear S1, 1s connected to and carried
by the first planet carrier PC1.

The second planetary gear set PG2 1s a single pinion plan-
etary gear set, and includes a second sun gear S2, a second
planet carrier PC2, and a second ring gear R2 as operational
members thereof. A second pinion gear P2, being engaged
both the second ring gear R2 and the second sun gear S2, 1s
connected to and carried by the second planet carrier PC2.

The third planetary gear set PG3 1s a single pinion plan-
ctary gear set, and includes a third sun gear S3, a third planet
carrier PC3, and a third ring gear R3 as operational members
thereotf. A third pimion gear P3, being engaged with both the
third ring gear R3 and the third sun gear S3, 1s connected to
and carried by the third planet carrier PC3.

The fourth planetary gear set PG4 1s a single pinion plan-
ctary gear set, and includes a fourth sun gear S4, a fourth
planet carrier PC4, and a fourth ring gear R4 as operational
members thereof. A fourth pmion gear P4, being engaged
with both the fourth ring gear R4 and the fourth sun gear S4,
1s connected to and carried by the fourth planet carrier PC4.

In addition, the first, second, third, and fourth planetary
gear sets PG1, PG2, PG3, and PG4 are disposed 1n a sequence
of the first planetary gear set PG1, the second planetary gear
set PG2, the third planetary gear set PG3, and the fourth
planetary gear set PG4.

According to the first exemplary embodiment of the
present invention, the second ring gear R2 1s operated as the
fixed iput member, the first sun gear S1 1s operated as the
fixedly stopped member, the first planet carrier PC1 1s oper-
ated as the first reduced speed output member, and the first
ring gear R1 1s operated as the second reduced speed output
member.

The first ring gear R1 1s fixedly connected to the second
planet carrier PC2, and the second sun gear S2 1s fixedly
connected to the first sun gear S1.

In addition, according to the first exemplary embodiment
ol the present invention, the third sun gear S3 1s operated as
the first variable input member, the third planet carrier PC3 1s
operated as the second variable input member, the fourth sun
gear S4 1s operated as the first variably stopped member, at
least one of the fixedly connected third planet carrier PC3 and
the fourth ring gear R4 1s operated as the second variably
stopped member, and at least one of the fixedly connected
tourth planet carrier PC4 and the third ring gear R3 1s oper-
ated as the shift speed output member.

Hereinatter, operation of a power train according to the first
exemplary embodiment of the present mvention will be
described in detail with reference to the operational chart of
FIG. 11.

As shown 1n FIG. 11, according to the first exemplary
embodiment of the present invention, the first clutch C1 and
the first brake B1 are operated 1n a first forward speed D1, the
second clutch C2 and the first brake B1 are operated in a
second forward speed D2, the third clutch C3 and the first
brake B1 are operated in a third forward speed D3, the fourth
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clutch C4 and the first brake B1 are operated in a fourth
torward speed D4, the third and fourth clutches C3 and C4 are
operated 1n a fifth forward speed D3, the second and fourth
clutches C2 and C4 are operated 1n a sixth forward speed D6,
and the first and fourth clutches C1 and C4 are operated in a
seventh forward speed D7.

In addition, the first clutch C1 and the second brake B2 are
operated 1n a first reverse speed REV. 1, the second clutch C2

and the second brake B2 are operated 1in a second reverse
speed REV. 2, and the third clutch C3 and the second brake B2
are operated 1n a third reverse speed REV. 3.

Hereinaiter, up-shifting processes of the exemplary power
train of an automatic transmission according to the first

embodiment of the present invention will be described 1n
detail.

In the shifting process from the first forward speed D1 to
the second forward speed D2, the first clutch C1 1s released

and the second clutch C2 1s operated.

In the shifting process from the second forward speed D2 to
the third forward speed D3, the second clutch C2 1s released

and the third clutch C3 1s operated.

In the shifting process from the third forward speed D3 to
the fourth forward speed D4, the third clutch C3 1s released

and the fourth clutch C4 1s operated.

In the shifting process from the fourth forward speed D4 to
the fifth forward speed D3, the first brake B1 1s released and

the third clutch C3 1s operated.

In the shifting process from the fifth forward speed D35 to
the sixth forward speed D6, the third clutch C3 1sreleased and
the second clutch C2 1s operated.

In the shifting process from the sixth forward speed D6 to
the seventh forward speed D7, the second clutch C2 1s
released and the first clutch C1 1s operated.

Down-shifting processes are reverse processes ol the up-
shifting processes according to the first exemplary embodi-
ment of the present invention.

Heremaftter, skip down-shifting processes according to the
first exemplary embodiment of the present invention will be
described 1n detail.

In a skip down-shifting process from the third forward
speed D3 to the first forward speed D1, the third clutch C3 1s
released and the first clutch C1 1s operated.

In a skip down-shifting process from the fourth forward
speed D4 to the second forward speed D2, the fourth clutch
C4 1s released and the second clutch C2 1s operated.

In a skip down-shifting process from the fourth forward
speed D4 to the first forward speed D1, the fourth clutch C4 1s
released and the first clutch C1 1s operated.

In a skip down-shifting process from the fifth forward
speed D5 to the third forward speed D3, the fourth clutch C4
1s released and the first brake B1 1s operated.

In a skip down-shifting process from the fifth forward
speed DS to the second forward speed D2, a 5—3 shifting and
a 3—2 shifting may be performed 1n sequence or a 5—4
shifting and a 4—2 shifting may be performed 1n sequence.

In a skip down-shifting process from the sixth forward
speed D6 to the fourth forward speed D4, the second clutch
C2 1s released and the first brake B1 1s operated.

In a skip down-shifting process from the sixth forward
speed D6 to the third forward speed D3, a 6—35 shifting and a
5—3 shifting may be performed 1n sequence or a 6—4 shift-
ing and a 4—3 shifting may be performed 1n sequence.

In a skip down-shifting process from the seventh forward
speed D7 to the fifth forward speed D3, the first clutch C1 1s

released and the third clutch C3 1s operated.
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In a skip down-shifting process from the seventh forward
speed D7 to the fourth forward speed D4, the first clutch C1 1s
released and the first brake B1 1s operated.

Skip up-shifting processes are reverse processes of the skip
down-shifting processes according to the first exemplary
embodiment of the present invention.

As shown 1n the lever diagram of FIG. 12, the power train
of an automatic transmaission according to the first exemplary
embodiment of the present invention includes four single
pinion planetary gear sets. The first sun gear S1 1s fixedly
connected to the second sun gear S2, and the first ring gear R1
1s fixedly connected to the second planet carrier PC2. The
third planet carrier PC3 1s fixedly connected to the fourth ring
gear R4, and the third ring gear R3 1s fixedly connected to the
tourth planet carrier PC4. Therefore, operational members of
the exemplary power train according to the first embodiment
of the present invention are represented as eight nodes 1n the
lever diagram.

Accordingly, the first sun gear S1 and the second sun gear
S2 are set to a first node N1, the first planet carrier PC1 1s set
to a second node N2, the first ning gear R1 and the second
planet carrier PC2 are set to a third node N3, the second ring
gear R2 1s set to a fourth node N4, the third sun gear S3 1s set
to a fifth node N5, the third planet carrier PC3 and the fourth
ring gear R4 are set to a sixth node N6, the third ring gear R3
and the fourth planet carrier PC4 are set to a seventh node N7,
and the fourth sun gear S4 1s set to an eighth node N8.

As described above, the second ring gear R2 1s fixedly
connected to the mput shaift 100. Therefore, the fourth node
N4 of the second ring gear R2 rotates with the same rotational
speed as the mnput shait 100. In addition, the first sun gear S1
1s fixedly connected to the transmission case 300. Therefore,
the first node N1 of the first sun gear S1 1s always stopped.

Thus, the rotational speed of the engine input through the
tourth node N4 1s reduced to the first reduced rotational speed
at the second node N2 of the first planet carrier PC1 and 1s
reduced to the second reduced rotational speed at the third
node N3 of the first ring gear R1 and the second planet carrier
PC2 by an operation of the speed reduction unit 400.

In addition, the first planet carrier PC1 1s variably con-
nected to the third sun gear S3 via the first clutch C1, and the
firstring gear R1 1s variably connected to the third sun gear S3
via the second clutch C2. Therefore, the first and second
reduced rotational speeds are respectively delivered to the
fifth node NS of the third sun gear S3 by operations of the first
and second clutches C1 and C2.

In addition, the third sun gear S3 is variably connected to
the mput shatt 100 via the third clutch C3. Therefore, the
rotational speed of the input shaft 100 1s delivered to the
fifth-node N3 by an operation of the third clutch C3.

In addition, the third planet carrier PC3 1s variably con-
nected to the input shaft 100 via the fourth clutch C4. There-
tore, the rotational speed of the input shait 100 1s delivered to
the sixth node N6 by an operation of the fourth clutch C4.

In addition, the fourth sun gear S4 1s variably connected to
the transmission case 300 via the first brake B1. Therefore,
the eighth node N8 1s stopped by an operation of the first

brake B1.

In addition, at least one of the fixedly connected third
planet carrier PC3 and the fourth ring gear R4 1s variably
connected to the transmission case 300 via the second brake
B2. Therefore, the sixthnode N6 1s stopped by an operation of
the second brake B2.

In addition, at least one of the fixedly connected third ring
gear R3 and the fourth planet carrier PC4 1s fixedly connected
to the output gear 200. Therefore, the seventh node N7 deliv-
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ers each shift speed that 1s generated by operations of the
speed reduction unit 400 and the output unit 500 to the output
gear 200.

Hereinatter, formation of each speed by the power train of
an automatic transmission according to the first exemplary
embodiment of the present invention will be described 1n
detail, with reference to FIG. 12.

In the first forward speed D1, the first reduced rotational
speed of the second node N2 1s delivered to the fifth node N5
by the operation of the first clutch C1. In addition, the eighth
node N8 1s stopped by the operation of the first brake B1.
Therefore, the first forward speed D1 1s achieved at the sev-
enth node.N7 that 1s the shift speed output member.

In the second forward speed D2, the second reduced rota-
tional speed of the third node N3 1s delivered to the fifth node
N3 by the operation of the second clutch C2. In addition, the
cighth node N8 is stopped by the operation of the first brake
B1.Therefore, the second forward speed D2 1s achieved at the
seventh node N7 that 1s the shift speed output member.

In the third forward speed D3, the rotational speed of the
input shatt 100 1s delivered to the fifth node N5 by the opera-

tion of the third clutch C3. In addition, the eighth node N8 1s
stopped by the operation of the first brake B1. Therefore, the
third forward speed D3 1s achieved at the seventh node N7 that
1s the shift speed output member.

In the fourth forward speed D4, the rotational speed of the
input shaft 100 1s delivered to the sixth node N6 by the
operation of the fourth clutch C4. In addition, the eighth node
N8 1s stopped by the operation of the first brake B1. There-
fore, the fourth forward speed D4 1s achieved at the seventh
node N7 that 1s the shift speed output member.

In the fifth forward speed D35, the rotational speed of the
input shatt 100 1s delivered to the fifth node N5 by the opera-
tion of the third clutch C3. In addition, the rotational speed of
the mput shaft 100 1s delivered to the sixth node N6 by the
operation of the fourth clutch C4. Theretfore, the fifth forward
speed D3 1s achieved at the seventh node N7 that 1s the shift
speed output member.

In the sixth forward speed D6, the second reduced rota-
tional speed of the third node N3 1s delivered to the fifth node
N3 by the operation of the second clutch C2. In addition, the
rotational speed of the input shaft 100 1s delivered to the sixth
node N6 by the operation of the fourth clutch C4. Therefore,
the sixth forward speed D6 1s achieved at the seventh node N7
that 1s the shift speed output member.

In the seventh forward speed D7, the first reduced rota-
tional speed of the second node N2 1s delivered to the fifth
node N5 by the operation of the first clutch C1. In addition,
the rotational speed of the input shait 100 1s delivered to the
s1xth node N6 by the operation of the fourth clutch C4. There-
fore, the seventh forward speed D7 1s achieved at the seventh
node N7 that 1s the shift speed output member.

In the first reverse speed REV. 1, the first reduced rotational
speed of the second node N2 1s delivered to the fifth node N5
by the operation of the first clutch C1. In addition, the sixth
node N6 1s stopped by the operation of the second brake B2.
Therefore, the first reverse speed REV. 1 1s achieved at the
seventh node N7 that 1s the shift speed output member.

In the second reverse speed REV. 2, the second reduced
rotational speed of the third node N3 1s delivered to the fifth
node N5 by the operation of the second clutch C2. In addition,
the sixth node N6 1s stopped by the operation of the second
brake B2. Therefore, the second reverse speed REV. 2 1s
achieved at the seventh node N7 that 1s the shift speed output
member.

In the third reverse speed REV. 3, the rotational speed of the
input shatt 100 1s delivered to the fifth node N5 by the opera-
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tion of the third clutch C3. In addition, the sixth node N6 1s
stopped by the operation of the second brake B2. Theretfore,
the third reverse speed REV. 3 1s achueved at the seventh node
N7 that 1s the shift speed output member.

As described above, the speed line for each planetary gear
set may be easily obtained by a person of an ordinary skill 1n
the art based on the teachings herein.

Hereinafter, referring to FI1G. 2, the exemplary power train
of an automatic transmission according to the second
embodiment of the present mvention will be described 1n
detaul.

As shown 1n FIG. 2, according to the second exemplary
embodiment of the present invention, the speed reduction unit
400 includes first and second planetary gear sets PG1 and
PG2, and the output unit 500 includes third and fourth plan-
ctary gear sets PG3 and PG4.

The first planetary gear set PG1 1s a single pinion planetary
gear set, and includes a first sun gear S1, a first planet carrier
PC1, and a first ring gear R1 as operational members thereof.

The second planetary gear set PG2 1s a single pinion plan-
etary gear set, and includes a second sun gear S2, a second
planet carrier PC2, and a second ring gear R2 as operational
members thereof.

The third planetary gear set PG3 1s a single pinion plan-
etary gear set, and imncludes a third sun gear S3, a third planet
carrier PC3, and a third ring gear R3 as operational members
thereof.

The fourth planetary gear set PG4 1s a single pinion plan-
ctary gear set, and includes a fourth sun gear S4, a fourth
planet carrier PC4, and a fourth ring gear R4 as operational
members thereof.

In addition, the first, second, third, and fourth planetary
gear sets PG1, PG2, PG3, and PG4 are disposed 1n a sequence
of the first planetary gear set PG1, the second planetary gear
set PG2, the third planetary gear set PG3, and the fourth
planetary gear set PG4.

According to the second exemplary embodiment of the
present invention, the second sun gear S2 1s operated as the
fixed input member, the first sun gear S1 1s operated as the
fixedly stopped member, the first planet carrier PC1 1s oper-
ated as the first reduced speed output member, and the first
ring gear R1 1s operated as the second reduced speed output
member.

The first planet carrier PC1 1s fixedly connected to the
second ring gear R2, and the first nng gear R1 1s fixedly
connected to the second planet carrier PC2.

In addition, according to the second exemplary embodi-
ment of the present invention, the third sun gear S3 1s operated
as the first variable input member, the third planet carrier PC3
1s operated as the second variable input member, the fourth
sun gear S4 1s operated as the first variably stopped member,
at least one of the fixedly connected third planet carrier PC3
and the fourth ring gear R4 1s operated as the second variably
stopped member, and at least one of the fixedly connected
tourth planet carrier PC4 and the third ring gear R3 1s oper-
ated as the shift speed output member.

Hereinaftter, referring to FIG. 3, the power train of an auto-
matic transmission according to the third exemplary embodi-
ment of the present invention will be described 1n detail.

As shown in FIG. 3, according to the third exemplary
embodiment of the present invention, the speed reduction unit
400 includes a compound planetary gear set, and the output
unit 500 includes first and second planetary gear sets PG1 and
PG?2.

The compound planetary gear set includes a long-pinion-
side ring gear LR, a short-pinion-side ring gear SR, a com-
pound planet carrier PC, and a compound sun gear S as
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operational members thereof. A long pinion gear LP, being
engaged with both the long-pinion-side ring gear LR and the
compound sun gear S, and a short pimion gear SP, being
engaged with both the short-pinion-side ring gear SR and the
compound sun gear S, are connected to and carried by the
compound planet carrier PC.

The first planetary gear set PG1 1s a single pinion planetary
gear set, and includes a first sun gear S1, a first planet carrier
PC1, and a first ring gear R1 as operational members thereof.

The second planetary gear set PG2 1s a single pinion plan-
ctary gear set, and includes a second sun gear S2, a second
planet carrier PC2, and a second ring gear R2 as operational
members thereol.

In addition, the compound planetary gear set and the first
and second planetary gear sets PG1 and PG2 are disposed 1n
a sequence ol the compound planetary gear set, the first
planetary gear set PG1, and the second planetary gear set
PG2.

According to the third exemplary embodiment of the
present invention, the long-pinion-side ring gear LR 1s oper-
ated as the fixed input member, the compound sun gear S is
operated as the fixedly stopped member, the compound planet
carrier PC 1s operated as the first reduced speed output mem-
ber, and the short-pimion-side ring gear SR 1s operated as the
second reduced speed output member.

In addition, according to the third exemplary embodiment
ol the present invention, the first sun gear S1 1s operated as the
first variable input member, the first planet carrier PC1 1s
operated as the second variable input member, the second sun
gear S2 1s operated as the first variably stopped member, at
least one of the fixedly connected second ring gear R2 and the
first planet carrier PC1 1s operated as the second variably
stopped member, and at least one of the fixedly connected first
ring gear R1 and the second planet carrier PC2 1s operated as
the shift speed output member.

Heremaftter, referring to FIG. 4, the exemplary power train
ol an automatic transmission according to a fourth embodi-
ment of the present invention will be described 1n detail.

As shown 1 FIG. 4, according to the fourth exemplary
embodiment of the present invention, the speed reduction unit
400 includes a Ravigneaux planetary gear set, and the output
unmt 500 includes first and second planetary gear sets PG1 and
PG2.

The Ravigneaux planetary gear set includes a Ravigneaux
ring gear R, a Ravigneaux planet carrier PC, a long-pinion-
side sun gear LS, and a short-pinion-side sun gear SS as
operational members thereof. A long pinion gear LP, being
engaged with both the long-pinion-side sun gear LS and the
Ravigneaux ring gear R, and a short pinion gear SP, being
engaged with the short-pinion-side sun gear SS and the Rav-
igneaux ring gear R, are connected to and carried by the
Ravigneaux planet carrier PC.

The first planetary gear set P(G1 1s a single pinion planetary
gear set, and includes a first sun gear S1, a first planet carrier
PC1, and a first ring gear R1 as operational members thereof.

The second planetary gear set PG2 1s a single pinion plan-
etary gear set, and includes a second sun gear S2, a second
planet carrier PC2, and a second ring gear R2 as operational
members thereof.

In addition, the Ravigneaux planetary gear set and the first
and second planetary gear sets PG1 and PG2 are disposed 1n
a sequence of the Ravigneaux planetary gear set, the first
planetary gear set PG1, and the second planetary gear set
PG2.

According to the fourth exemplary embodiment of the
present ivention, the long-piion-side sun gear LS 1s oper-
ated as the fixed mnput member, the short-pinion-side sun gear
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SS 1s operated as the fixedly stopped member, the Ravigneaux
planet carrier PC 1s operated as the first reduced speed output
member, and the Ravigneaux ring gear R 1s operated as the
second reduced speed output member.

In addition, according to the fourth exemplary embodiment
of the present invention, the first sun gear S1 1s operated as the
first variable input member, the first planet carner PC1 1s
operated as the second variable mnput member, the second sun
gear S2 1s operated as the first variably stopped member, at
least one of the fixedly connected first planet carrier PC1 and
the second ring gear R2 1s operated as the second variably
stopped member, and at least one of the fixedly connected first
ring gear R1 and the second planet carrier PC2 1s operated as
the shift speed output member.

Hereinaftter, referring to FIG. 5, the power train of an auto-
matic transmission according to a fifth exemplary embodi-
ment of the present invention will be described 1n detail.

As shown in FIG. 5, according to the fifth exemplary
embodiment of the present invention, the speed reduction unit
400 includes first and second planetary gear sets PG1 and
PG2, and the output unit 500 includes third and fourth plan-
ctary gear sets PG3 and PG4.

The first planetary gear set PG1 1s a single pinion planetary
gear set, and includes a first sun gear S1, a first planet carrier
PC1, and a first ring gear R1 as operational members thereof.

The second planetary gear set PG2 1s a single pinion plan-
ctary gear set, and includes a second sun gear S2, a second
planet carrier PC2, and a second ring gear R2 as operational
members thereof.

The third planetary gear set PG3 1s a single pinion plan-
ctary gear set, and includes a third sun gear S3, a third planet
carrier PC3, and a third ring gear R3 as operational members
thereol.

The fourth planetary gear set PG4 1s a single pinion plan-
ctary gear set, and includes a fourth sun gear S4, a fourth
planet carrier PC4, and a fourth ring gear R4 as operational
members thereof.

In addition, the first, second, third, and fourth planetary
gear sets PG1, PG2, PG3, and PG4 are disposed 1n a sequence
of the first planetary gear set PG1, the second planetary gear
set PG2, the third planetary gear set PG3, and the fourth
planetary gear set PG4.

According to the fifth exemplary embodiment of the
present invention, the second ring gear R2 1s operated as the
fixed input member, the first sun gear S1 1s operated as the
fixedly stopped member, the first planet carrier PC1 1s oper-
ated as the first reduced speed output member, and the first
ring gear R1 1s operated as the second reduced speed output
member.

The first planet carrier PC1 1s fixedly connected to the
second planet carrier PC2, and the first sun gear S1 1s fixedly
connected to the second sun gear S2.

In addition, according to the fifth exemplary embodiment
of the present invention, the third sun gear S3 1s operated as
the first variable input member, the third planet carrier PC3 1s
operated as the second variable input member, the fourth sun
gear S4 1s operated as the first variably stopped member, at
least one of the fixedly connected third planet carrier PC3 and
the fourth ring gear R4 1s operated as the second variably
stopped member, and at least one of the fixedly connected
tourth planet carrier PC4 and the third ring gear R3 1s oper-
ated as the shift speed output member.

Hereinafter, referring to FIG. 6, the exemplary power train
ol an automatic transmission according to a sixth embodi-
ment of the present invention will be described 1n detail.

As shown 1n FIG. 6, according to the sixth exemplary
embodiment of the present invention, the speed reduction unit
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400 includes first and second planetary gear sets PG1 and
PG2, and the output unit 500 includes third and fourth plan-
ctary gear sets PG3 and PG4.

The first planetary gear set PG1 1s a single pinion planetary
gear set, and includes a first sun gear S1, a first planet carrier
PC1, and a first ring gear R1 as operational members thereof.

The second planetary gear set PG2 1s a single pinion plan-
ctary gear set, and includes a second sun gear S2, a second
planet carrier PC2, and a second ring gear R2 as operational
members thereol.

The third planetary gear set PG3 1s a single pinion plan-
ctary gear set, and includes a third sun gear S3, a third planet
carrier PC3, and a third ring gear R3 as operational members
thereof.

The fourth planetary gear set PG4 1s a single pinion plan-
ctary gear set, and includes a fourth sun gear S4, a fourth
planet carrier PC4, and a fourth ring gear R4 as operational
members thereof.

In addition, the first, second, third, and fourth planetary
gear sets PG1, PG2, PG3, and PG4 are disposed 1n a sequence
of the first planetary gear set PG1, the second planetary gear
set PG2, the third planetary gear set PG3, and the fourth
planetary gear set PG4.

According to the sixth exemplary embodiment of the
present invention, the second ring gear R2 1s operated as the
fixed input member, the first sun gear S1 1s operated as the
fixedly stopped member, the first planet carrier PC1 1s oper-
ated as the first reduced speed output member, and the first
ring gear R1 1s operated as the second reduced speed output
member.

The first ring gear R1 1s fixedly connected to the second
planet carrier PC2, and the second sun gear S2 i1s fixedly
connected to the first sun gear S1.

In addition, according to the sixth exemplary embodiment
of the present invention, the third sun gear S3 1s operated as
the first variable input member, the fourth planet carrier PC4
1s operated as the second variable input member, the third ring
gear R3 1s operated as the first variably stopped member, the
third planet carrier PC3 1s operated as the second variably
stopped member, and the fourth ring gear R4 1s operated as
the shift speed output member.

The third planet carrier PC3 1s fixedly connected to the
tourth planet carrier PC4, and the third sun gear S3 1s fixedly
connected to the fourth sun gear S4.

Heremaftter, referring to FIG. 7, the exemplary power train
of an automatic transmission according to a seventh embodi-
ment of the present invention will be described 1n detail.

As shown 1 FIG. 7, according to the seventh exemplary
embodiment of the present invention, the speed reduction unit
400 includes first and second planetary gear sets PG1 and
PG2, and the output unit 500 includes third and fourth plan-
etary gear sets PG3 and PG4.

The first planetary gear set P(G1 1s a single pinion planetary
gear set, and includes a first sun gear S1, a first planet carrier
PC1, and a first ring gear R1 as operational members thereof.

The second planetary gear set PG2 1s a single pinion plan-
etary gear set, and includes a second sun gear S2, a second
planet carrier PC2, and a second ring gear R2 as operational
members thereof.

The third planetary gear set PG3 1s a single pinion plan-
ctary gear set, and includes a third sun gear S3, a third planet
carrier PC3, and a third ring gear R3 as operational members
thereof.

The fourth planetary gear set PG4 1s a single pinion plan-
ctary gear set, and includes a fourth sun gear S4, a fourth
planet carrier PC4, and a fourth ring gear R4 as operational
members thereol.
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In addition, the first, second, third, and fourth planetary
gear sets PG1, PG2, PG3, and PG4 are disposed 1n a sequence
of the first planetary gear set PG1, the second planetary gear
set PG2, the third planetary gear set PG3, and the fourth
planetary gear set PG4.

According to the seventh exemplary embodiment of the
present invention, the second sun gear S2 1s operated as the
fixed input member, the first sun gear S1 1s operated as the
fixedly stopped member, the first planet carrier PC1 1s oper-
ated as the first reduced speed output member, and the first
ring gear R1 1s operated as the second reduced speed output
member.

The first planet carrier PC1 1s fixedly connected to the
second ring gear R2, and the first ring gear R1 1s fixedly
connected to the second planet carrier PC2.

According to the seventh exemplary embodiment of the
present invention, the third sun gear S3 1s operated as the first
variable input member, the fourth planet carrier PC4 1s oper-
ated as the second variable input member, the third ring gear
R3 1s operated as the first variably stopped member, the third
planet carrier PC3 1s operated as the second variably stopped
member, and the fourth ring gear R4 1s operated as the shift
speed output member.

The third planet carrier PC3 1s fixedly connected to the
tourth planet carrier PC4, and the third sun gear S3 1s fixedly
connected to the fourth sun gear S4.

Hereinatter, referring to FIG. 8, the exemplary power train
of an automatic transmission according to an eighth embodi-
ment of the present invention will be described 1n detail.

As shown 1n FIG. 8, according to the eighth exemplary
embodiment of the present invention, the speed reduction unit
400 includes a compound planetary gear set, and the output
unit 500 includes first and second planetary gear sets PG1 and
PG2.

The compound planetary gear set includes a long-pinion-
side ring gear LR, a short-pinion-side ring gear SR, a com-
pound planet carrier PC, and a compound sun gear S as
operational members thereof. A long pinion gear LP, being
engaged with both the long-pinion-side ring gear LR and the
compound sun gear S, and a short pinion gear SP, being
engaged with both the short-pinion-side ring gear SR and the
compound sun gear S, are connected to and carried by the
compound planet carrier PC.

The first planetary gear set PG1 1s a single pinion planetary
gear set, and includes a first sun gear S1, a first planet carrier
PC1, and a first ring gear R1 as operational members thereof.

The second planetary gear set PG2 1s a single pinion plan-
etary gear set, and includes a second sun gear S2, a second
planet carrier PC2, and a second ring gear R2 as operational
members thereof.

In addition, the compound planetary gear set and the first
and second planetary gear sets PG1 and PG2 are disposed 1n
a sequence ol the compound planetary gear set, the first
planetary gear set PG1, and the second planetary gear set
PG2.

According to the eighth exemplary embodiment of the
present invention, the long-pinion-side ring gear LR 1s oper-
ated as the fixed mnput member, the compound sun gear S 1s
operated as the fixedly stopped member, the compound planet
carrier PC 1s operated as the first reduced speed output mem-
ber, and the short-pimion-side ring gear SR 1s operated as the
second reduced speed output member.

In addition, according to the eighth exemplary embodi-
ment of the present invention, the first sun gear S1 1s operated
as the first variable input member, the second planet carrier
PC2 1s operated as the second variable input member, the first
ring gear R1 1s operated as the first variably stopped member,
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the first planet carrier PC1 1s operated as the second variably
stopped member, and the second ring gear R2 1s operated as
the shift speed output member.

The first planet carrier PC1 1s fixedly connected to the
second planet carrier PC2, and the first sun gear S1 1s fixedly
connected to the second sun gear S2.

Heremaftter, referring to FIG. 9, the exemplary power train
of an automatic transmission according to a ninth embodi-

ment of the present invention will be described 1n detail.

As shown 1 FIG. 9, according to the ninth exemplary
embodiment of the present invention, the speed reduction unit
400 includes a Ravigneaux planetary gear set, and the output
unit 500 includes first and second planetary gear sets PG1 and

PG2.

The Ravigneaux planetary gear set includes a Ravigneaux
ring gear R, a Ravigneaux planet carrier PC, a long-pinion-
side sun gear LS, and a short-pinion-side sun gear SS as
operational members thereof. A long pinion gear LP, being
engaged with both the long-pinion-side sun gear LS and the
Ravigneaux ring gear R, and a short pinion gear SP, being
engaged with the short-pinion-side sun gear SS and the Rav-
igneaux ring gear R, are connected to and carried by the
Ravigneaux planet carrier PC.

The first planetary gear set PG1 1s a single pinion planetary

gear set, and includes a first sun gear S1, a first planet carrier
PC1, and a first ring gear R1 as operational members thereof.

The second planetary gear set PG2 1s a single pinion plan-
etary gear set, and includes a second sun gear S2, a second
planet carrier PC2, and a second ring gear R2 as operational
members thereol.

In addition, the Ravigneaux planetary gear set and the first
and second planetary gear sets PG1 and PG2 are disposed 1n
a sequence of the Ravigneaux planetary gear set, the first
planetary gear set PG1, and the second planetary gear set

PG2.

According to the ninth exemplary embodiment of the
present invention, the long-pinion-side sun gear LS 1s oper-
ated as the fixed imnput member, the short-pinion-side sun gear
SS 1s operated as the fixedly stopped member, the Ravigneaux
planet carrier PC 1s operated as the first reduced speed output
member, and the Ravigneaux ring gear R 1s operated as the
second reduced speed output member.

In addition, according to the minth exemplary embodiment
of the present invention, the first sun gear S1 1s operated as the
first variable mput member, the second planet carrier PC2 1s
operated as the second variable input member, the first ring
gear R1 1s operated as the first variably stopped member, the
first planet carrier PC1 1s operated as the second vaniably
stopped member, and the second ring gear R2 1s operated as
the shift speed output member.

The first planet carrier PC1 1s fixedly connected to the
second planet carrier PC2, and the first sun gear S1 1s fixedly
connected to the second sun gear S2.

Heremaftter, referring to FIG. 10, the exemplary power
train of an automatic transmission according to a tenth
embodiment of the present invention will be described 1n
detail.

As shown 1n FIG. 10, according to the tenth exemplary
embodiment of the present invention, the speed reduction unit
400 includes first and second planetary gear sets PG1 and
PG2, and the output unit 500 includes third and fourth plan-
ctary gear sets PG3 and PGA4.

The first planetary gear set PG1 1s a single pinion planetary
gear set, and includes a first sun gear S1, a first planet carrier
PC1, and a first ring gear R1 as operational members thereof.
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The second planetary gear set PG2 1s a single pinion plan-
etary gear set, and includes a second sun gear S2, a second
planet carrier PC2, and a second ring gear R2 as operational
members thereol.

The third planetary gear set PG3 i1s a single pinion plan- 5
ctary gear set, and includes a third sun gear S3, a third planet
carrier PC3, and a third ring gear R3 as operational members
thereol.

The fourth planetary gear set PG4 1s a single pinion plan-
ctary gear set, and includes a fourth sun gear S4, a fourth 10
planet carrier PC4, and a fourth ring gear R4 as operational
members thereof.

In addition, the first, second, third, and fourth planetary
gear sets PG1, PG2, PG3, and PG4 are disposed 1n a sequence
of the first planetary gear set PG1, the second planetary gear 15
set PG2, the third planetary gear set PG3, and the fourth
planetary gear set PG4.

According to the tenth exemplary embodiment of the
present invention, the second ring gear R2 1s operated as the
fixed input member, the first sun gear S1 1s operated as the 20
fixedly stopped member, the first planet carrier PC1 1s oper-
ated as the first reduced speed output member, and the first
ring gear R1 1s operated as the second reduced speed output
member.

The first planet carrier PC1 1s fixedly connected to the 25
second planet carrier PC2, and the first sun gear S1 1s fixedly
connected to the second sun gear S2.

In addition, according to the tenth exemplary embodiment
of the present invention, the third sun gear S3 1s operated as
the first variable input member, the fourth planet carrier PC4 30
1s operated as the second variable input member, the third ring
gear R3 1s operated as the first variably stopped member, the
third planet carrier PC3 1s operated as the second variably
stopped member, and the fourth ring gear R4 1s operated as
the shift speed output member. 35

The third planet carrier PC3 1s fixedly connected to the
tourth planet carrier PC4, and the third sun gear S3 1s fixedly
connected to the fourth sun gear S4.

Operations, shifting processes, and formations of each
speed of the power trains according to the second through 40
tenth embodiments of the present mvention are similar to
those of the power train according to the first embodiment of
the present invention, and may be easily obtained by a person
of an ordinary skill 1n the art based on the teachings herein.
Thus, a detailed explanation thereof will be omatted. 45

According to the exemplary embodiments of the present
invention, seven forward speeds and three reverse speeds may
be realized.

In addition, according to the exemplary embodiments of
the present invention, a skip up-shifting and a skip down- 50
shifting may be facilitated by reducing irictional members
engaged or released 1n a skip shifting process.

In addition, according to the exemplary embodiments of
the present invention, length of an automatic transmission
may bereduced by effectively arranging clutches and brakes. 55

While this invention has been described 1n connection with
what 1s presently considered to be practical exemplary
embodiments, 1t 1s to be understood that the invention 1s not
limited to the disclosed embodiments, but, on the contrary, 1s
intended to cover various modifications and equivalent 60
arrangements 1cluded within the spirit and scope or the
appended claims.

What is claimed 1s:

1. A power train of an automatic transmission, comprising:

an 1put shatt; 65

an output gear;

a fransmission case;
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a speed reduction unit comprising a fixed input member
that 1s fixedly connected to the mput shaft, a fixedly
stopped member that 1s fixedly connected to the trans-
mission case, and first and second reduced speed output
members that respectively output first and second
reduced rotational speeds;

an output unit comprising a first variable input member that
1s variably connected to the first and second reduced
speed output members and the input shaft, a second
variable mput member that i1s variably connected to the
input shait, first and second variably stopped members
that are variably connected to the transmission case, and
a shift speed output member that always acts as an output
member by being fixedly connected to the output gear,
wherein the output unit generates seven forward speeds
and three reverse speeds at the shift speed output mem-
ber by operations of the first and second variable input
members and the first and second variably stopped mem-
bers;

a {irst clutch for variably connecting the first variable input
member to the first reduced speed output member;

a second clutch for variably connecting the first variable
input member to the second reduced speed output mem-
ber:

a third clutch for variably connecting the first variable input
member to the iput shaft;

a Tourth clutch for variably connecting the second variable
input member to the mnput shait;

a first brake for vanably connecting the first vanably
stopped member to the transmission case; and

a second brake for variably connecting the second variably
stopped member to the transmission case;

wherein the speed reduction unit comprises:

a first planetary gear set having a first sun gear, a {irst
planet carrier, and a first ring gear as operational
members thereot; and

a second planetary gear set having a second sun gear, a
second planet carrier, and a second ring gear as opera-
tional members thereof,

wherein the second ring gear 1s operated as the fixed
input member,

the first sun gear 1s operated as the fixedly stopped mem-
ber,

the first planet carrier 1s operated as the first reduced
speed output member,

the firstring gear 1s operated as the second reduced speed
output member,

the first ring gear 1s fixedly connected to the second
planet carrier, and

the second sun gear 1s fixedly connected to the first sun
gear,

wherein the output unit comprises:

a third planetary gear set having a third sun gear, a third
planet carrier, and a third ring gear as operational mem-
bers thereof; and

a fourth planetary gear set having a fourth sun gear, a fourth
planet carrier, and a fourth ring gear as operational mem-
bers thereof,

wherein the third sun gear 1s operated as the first variable
input member,

the third planet carrier 1s operated as the second variable
input member,

the fourth sun gear 1s operated as the first variably stopped
member,

at least one of the fixedly connected third planet carrier and
the fourth ring gear 1s operated as the second variably
stopped member, and
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at least one of the fixedly connected fourth planet carrier
and the third ring gear 1s operated as the shiit speed
output member.

2. The power train of claim 1, wherein the first, second,
third, and fourth planetary gear sets are disposed i1n a
sequence of the first planetary gear set, the second planetary
gear set, the third planetary gear set, and the fourth planetary
gear set.

3. The power train of claim 1, wherein the first and second
clutches are disposed on one side of the speed reduction unit
opposite to and away from the output unit, and the third and
tourth clutches are disposed between the speed reduction unit
and the output unat.

4. The power train of claim 1, wherein:

the first clutch and the first brake are operated 1n a first

forward speed;

the second clutch and the first brake are operated 1n a

second forward speed;
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the third clutch and the first brake are operated in a third
forward speed;

the fourth clutch and the first brake are operated 1n a fourth
forward speed;

the third and fourth clutches are operated 1n a fifth forward
speed;

the second and fourth clutches are operated 1n a sixth
forward speed;

the first and fourth clutches are operated in a seventh for-
ward speed;

the first clutch and the second brake are operated 1n a first
reverse speed;

the second clutch and the second brake are operated 1n a
second reverse speed; and

the third clutch and the second brake are operated 1n a third
reverse speed.
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